55 45 5 2 W R B (B R 2% R Vol. 45 No.2
2017 4£3 A Journal of Hohai University ( Natural Sciences ) Mar. 2017

DOI:10. 3876/j. issn. 1000 - 1980.2017. 02. 009

EFK#E 8 SPH 775 E B2 i R 4b 12
EES-AEN SR S <

(1. TR 2F S SRR TLO BE ST 210098 ; 2. B XIVTTE = Bedomaa b, Wk $ X 438000)

BE. {FiE%sh hF(PD) PR AFINREET RARS 5 (SPH) 69 B B i R AR P 25
dy — AP iE A SPH 7 sk i AL 22 04 37 7 %, 18 iR A 3R  Poiseuille iR K454 A A 45 A A= 14K A4
B4 ANFAHI AT R R OB ATINE, AR AW Z T AT E TR FELI R
B R A 52 04 2 AR R 3T A2 JUAT i e B A A SR B 64 ) A S R R AL AE SR AL

KR, RBEAETRAKS A F(SPH) ; KB ;L5 A5 (PD) ; B R A2

RE S ES 0242 XHkERE A XE4S 1000 - 1980(2017)02 - 0153 -08

Solid boundary treatment for SPH method based on long-range force

ZHOU Xuejun'’, CHEN Ding', HUANG Wenxiong'
(1. College of Mechanics and Materials, Hohai University, Nanjing 210098 , China;
2. College of Mathematics and Physics, Huanggang Normal University, Huanggang 438000, China)

Abstract: A new method for boundary treatment of the smoothed particle hydrodynamics ( SPH) method is
presented through introduction of the long-range force in peridynamics ( PD) to the solid boundary treatment of
SPH. The reliability of the method is verified by four numerical simulation examples, including a liquid column
break , Poiseuille flow, water casting filling, and soil collapse. The results show that the method can solve the
problem of non-physical particle penetration boundary and objectively reflect actual boundary action, and is

effective for dynamic problems with complex geometric boundies and material strength.
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Fig.7 Comparison of experimental results and two SPH simulations for water casting filling
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Fig.8 Change of maximum velocity of particles with time in SPH simulation of water casting filling

BORAL D B AR O 245 8)) 12 A AT, 3 TR A SO 5 19 s Ak 3 1k A BI85 R 5 22 A
FEEE RIS,

ARG RS 4 emx6 em, 75 2 2400 > AR A A E AT BT 795 AR B W) 4G E]
#i40.001 m, KiFRYHE A 1850 kg/m® , HARTAFALL R 0.3, NEEIEM @ =27.5°, 87Kk ¢ =0,20(5)
bS5 K=8.3x10° Pa,6=3.9x10" Pa, &, =0.15;20(7) 1 B =0.1.,a=0.5; 0 LK B R 2x107 s,

R T B A SR ZE S AN K R TR 3 2 AN B AR, B9 AT 2 Rl A



552 1 J2eR A SETRAR IR SPH Jy i 8] BE i S AL 159

A BRI B T AR SR R AR, LA 0. 4 s J5 58 425 1z 8l , 2 Rt as SR LA 3 5 B SR, 1
S I R A — B i 1R A R /N LRSS SN T N EEEA @ |, I 5 SCHR[ 26 ) Y ZSIE W)

S, BT 9 (b) K F R UL -0k AR B 2B 0 A, H IR SR 140 A BT 5, 5843 U6 AR SCRIFSE 1 i 57
A BETT XS T AR B AL A S

(a) FREERL T 5 b I (b) ARSCH AT

B9 SPH &R AS
Fig.9 SPH simulation of soil collapse

TEBLAR AL T | M T B0 A I L BB BRR BT, 45 ) 2 %ok T HAT S 2 J LA AR A 3 B B3 O, e LA
J7R 2 PRSI Z TA) 0 5 AR B AR SCHR H A 120 S AR B 53 B T S, LB AR LS B AR Y 4
I

4 & iE

FIHT SPH J7 AL A B AR AR | T 95 [ BE 100 S Ak B AR, 7 [0 B A 8 R ) Al
Z b FIEF A PD H A B Z AR AR IR ASA S AR R iR B IR AR T A R 5 ) A B i 5 2% A
o DIBHEDHE Poiseuille It /K ¥ 1 78 017 FOAN A4 i 35 S 5451 , B0k AR SC IR 5 1 1] B 100 554k BT 3% 114
AR

PD 77k P RARVEHI J15 SPH J7 ik i i SOk A2 SRR 7 B s B A2 A9 A5 CEAR L, R sy
BOEAMSEEHB B THE , WEEBL R S5 RORT A8 S R F A4 320 54 BRASE Y B8 % 7R 4 3t it
PORL AR BZE 0 5, R A W S R LS B 10 SR A, o T S 2% JLART 30 SRR Ao e i J3E 1) 2 g 2 )
REAR AR, e AT B W) Rl SER AR T340 SPH. [ BE i1 54k 3] i S 2 U1 Sl 47
(g, (EAFHE)

SE Lk

[ 1] LUCY L B. A numerical approach to the testing of the fission hypothesis[ J|. Astronomical Journal, 1977, 82(12) ; 1013-1024.

[ 2] GINGOLD R A, MONAGHAN J J. Smoothed particle hydrodynamics : theory and application to nonsphericalstars[ J]. Monthly
Notices of the Royal Astronomical Society, 1977, 181(2) . 375-389.

[ 3] LIUM B, LIU G R. Smoothed particle hydrodynamics (SPH) : an overview and recent developments[ J]. Arch Comput Methods
Eng,2010,17; 25-76.

[ 4] LIUM B, LIU G R. Smoothed particle hydrodynamics: a meshfree particle method[ M ]. Singapore: World Scientific Publishing
Co Pte Ltd, 2003.

[ 5] CAMPBELL P M. Some new algorithms for boundary values problems in smoothed particle hydrodynamics[ R]. Albuquerque:
Mission Research Corp, 1989.

[ 6 ] MONAGHAN J J. Simulation free surface flows with SPH[ J]. Journal of Computational Physics, 1994, 110. 399-406.

[ 7 ] LIBERSKY L D, PETSCHCK A G, CARNEY TC, et al. High strain Lagrangian hydrodynamics: a three-dimensional SPH code
for dynamic material response[ J]. Journal of Computational Physics, 1993, 109 67-75.

[ 8 ] RANDLES P W, LIBERSKY L D. Smoothed particle hydrodynamics; some recent improvements and applications[ J |. Computer
Methods in Applied Mechanics and Engineering, 1996, 138. 375-408.

[9] LIUM B, LIU G R, ZONG Z. An overview on smoothed particle hydrodynamics[ J]. International Journal of Computer
Methods, 2008, 5(1) :135-188.



160 RTINS S (SN S BE /S S e ) 5545 %

[10] LIU M B, LIU G R, LAM K Y. Investigations into water mitigations using a meshless particle method[ J]. Shock Waves, 2002,
12(3) :181-195.

[11] ZBL XIME, EA e, SPH [ BE 1 SRR R Bk i btk [J]. 122 11, 2008, 29(4), 507-514. ( GONG Kai, LIU Hua,
WANG Benlong. An improved boundary treatment approach for SPH method[ J]. Chinese Quarterly of Mechanics, 2008, 29
(4):507-514. (in Chinese) )

[12] BRuEIe B, £S48, BT 1R % SPH By ki /KB E B AR A BB /B [T ] TREJI%%, 2011, 28 (1) : 245-
250. (QIANG Hongfu, HAN Yawei, WANG Kunpeng, et al. Numerical simulation of water filling process based on new method
of penalty function SPH[ J]. Engineering Mechanics, 2011, 28 (1) 245-250. (in Chinese) )

(137 SRAEH:, SUETE X IARS 55, DG RL IR AR ) ) 27 Jr ik [ BE b B — o ALHE TR 0B RU[ )], W34k, 2013, 62(4) -
326-336. (HAN Yawei, QIANG Hongfu, ZHAO Jiuling, et al. A new repulsive model for solid boundary condition in smoothed
particle hydrodynamics[ J]. Acta Physica Sinica,2013, 62(4) :326-336. (in Chinese) )

(147 XUBE, SREER  BRfaR, 45 —MoB BRI R 3l ) 2 [ BE D) FUR A AU [ )], W HE %3], 2015, 64(9) :375-388. (LIU
Hu, QIANG Hongfu, CHEN Fuzhen, et al. A new boundary treatment method in smoothed particle hydrodynamics[J]. Acta
Physica Sinica,2015, 64(9) :375-388. (in Chinese) )

[15] SILLING S A. Reformulation of elasticity theory for discontinuities and long-range forces[ J]. Journal of the Mechanics and
Physics of Solids, 2000, 48(1) : 175-209.

[16] SILLING S A, EPTON M, WECKNER O, et al. Peridynamic states and constitutive modeling J ]. Journal of Elasticity, 2007,
88(2): 151-184.

(7] By, &8, AL, 5. Whsh I r ik R LT]. J1%k &, 2010, 40(4) : 448-459. (HUANG Dan, ZHANG
Qing, QIAO Pizhong, et al. A review on peridynamics method and its application[ J]. Advance in Mechanics, 2010, 40(4) .
448-459. (in Chinese) )

[18] KILIC B. Peridynamic theory for progressive failure prediction in homogeneous and heterogeneous materials [ D]. Tucson; The
University of Arizona, 2008.

(19] BIF6AR, e, TR BT sl e BOe )2 TR 5 00 ik [ 1], J12724ie, 2013, 45(4) : 624-628. (HU Yile,
YU Yin, WANG Hai. Damage analysis method for laminates based on peridynamictheory[ J]. Chinese Journal of Theoretical and
Applied Mechanics, 2013, 45(4) ; 624-628. (in Chinese) )

[20] #95, Wid, ftm K. il fir 20 R ORI RS 25 g 2w B 3 37 8 0 2 BB [0 ] J1eef, 2016,48 (1) :56-63.
(ZHANG Qing, GU Xin, YU Yangtian. Peridynamics simulation for dynamics response of granular materials under impact
loading[ J]. Chinese Journal of Theoretical and Applied Mechanics, 2016,48(1) :56-63. (in Chinese) )

[21] WECKNER O, ABEYARATNE R. The effect of long-range forces on the dynamics of a bar[ J]. Journal of Mech Phys Solids,
2005, 53 705-728.

[22] SILLING S A, ASKARI E. A meshfree method based on the peridynamic model of solid mechanics[ J]. ComputStruct, 2005,
83.1526-1535.

[23] HUANG Dan, LU Guangda, QIAO Pizhong. An improved peridynamic approach for quasi-static elastic deformation and brittle
fracture analysis[ J]. International Journal of Mechanical Sciences, 2015,94/95.111-122.

[24] HUANG Dan, LU Guangda, WANG Chongwen. et al. An extended peridynamic approach for deformation and fracture analysis
[J]. Engineering Fracture Mechanics,2015, 141:196-211.

[25] LATTANZIO J C, MONAGHAN J J, PONGRACIC H, et. al. Controlling penetration[ J]. SIAM Journal on Scientific and
Statistical Computing, 1986, 7(2): 591-598.

[26] BUI H H, FUKAGAWA R, SAKO K, et al. Lagrangianmeshfree particles method (SPH) for large deformation and failure flows
of geomaterial using elastic-plastic soil constitutive model [ J ]. International Journal for Numerical and Analytical Methods in
Geomechanics,2008, 32(12) :1537-1570.

[27] MORRIS J P, PATRICK J F, ZHU Y. Modeling low reynolds number incompressible flows using SPH[ J]. Journal of
Computational Physics, 1997, 136, 214-226.

[28] SCHMID M, KLEIN F. Fluid flow in die cavities-experimental and numerical simulation[ R]. Indianapolis; NADCA, 1995.



